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2.0 HISTORICAL BACKGROUND

The need for a study to estimate the marginal cost of access wax created by the independent
occurrence of Lwo events in 1984:

(1) The divestiture of the Bell Operating Companies by AT&T as part of a negotiated settlement
of an antitrust suit.} and

(2) The creation of & new service called “carrier access” to be regulated, tariffed. and provided to
all carriers. as part of an on-going docket at the Federal Communications Commission (FCC)
dealing with the entrance of competitors in long distance switched and private line services.

Though ultimately stemming from the same causes.’ these events exerted independent effects. in
the sense Lhat the absence of either would not have changed the outcome. Access had to be pro-
vided as a separate wriffed service, either to replace the former Bell System internal transfer pric-
ing mechanism (1o implement divestiture) or 10 provide equal access to all competing long distance
carriers on a tariffed basis (as part of Docket 78-72).

Since carrier access service was envisioned as a regulated and tariffed service at its birth, rules for
cost support for proposed rates were not far behind. Embodied in Part 69 of the Commission’s
Rules, the cost basis for access prices was explicitly determined 1o be a future test period. fully-
distributed average cost. Given this environment, Lthe need for an estimate of marginal costs for
these services must be somewhat surprising.

There are at least three uses for these access marginal costs. First. when access prices are changed
in a wariff filing. FCC rules require that the effects of those price changes on demand and on cost bhe
taken into account in the subsequent rate calculation.® These parts of a tariff filing (described in
Volume V of the Access Tariff Description and Justification) are known as "demand response” and
“cost offset” estimates, respectively. The demand response calculation estimates the change in
demand by services caused by the proposed “baseline” changes in access prices The cost of fxet pro-
cess. in turn, calculates the changes in fully-distributed service costs associated with those changes
in service demands. Therefore, to apply the Part 69 methods. one must [irst estimate the change in
actual tolal company costs: this change is then split jurisdictionally into an interstate and intrastate
component following Part 67 of the Commission’'s Rules. The intersiate component of the cost
change is then further split into cost changes by service using the Part 69 Rules. The initial change
in total company costs associsted with a change in service demands i~ rightly a marginal cost con
cept, and it is this use - in interstate access tariff filings - that is the principal justification for the
model.

A second justification is Lo provide & test for cross-subsidization in various access rate structures.
Proposed rate structures for some access services involve multi-part tariffs or tapers. For silua-
tions in which different classes of users face different service prices at the margin, it is important
to ensure that no class of service subsidizes another. One useful test for this is 8 marginal cost test,
which certifies 2 multi-part or tapered tariff as subsidy-free (provided the lowest marginal price in
the taper exceeds the marginal cost of service).

United States v. AT&T Co., 552 F. Supp, 229 (D.D.C. 1982).
. FCC Docket 7872, MTS and WATS Market Structure, FCC Dockel No. 78 72, 81FCC 2d 177 (1980).
. Namely, the emergence of competition and the technological change that made it possible,
. Part 61.38 of the Rules requires a projection of costs for & representative 12 month period and an estimate of the effect
of changed rates on raffic and revenue.
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A final reason to estimate marginal costs for access services is that this industiry. although
currently regulated. does not possess a monopoly franchise,” so that service managers must be con-
cerned with the effect of regulated access prices on the competitive position of the firm. The mar-
ginal cost of access is the limit to which competition can drive the price of access. and it is the floor
above which access prices will encourage increased entry into the access market. Thus, access prices
cannot substantially exceed their respective marginal costs for long periods of time, and managers
of access should find current estimates of marginal cost for access services to be useful information
even in a regulated environment.

2.1 Previous Studies

Econometric cost and production functions have been specified and estimated for telecommunica-
tions services for many years.® Interest in parameters of the cost function for former Bell System
output pesked during the period of the AT&T antitrust case because a measure of Lhe returns to
scale and scope for a fully-integrated telecommunications firm was thought to be important infor-
mation for social policymakers.? Following this work, a more relevant set of studies attempted to
calculate cost offsets as part of the demand response process for intrastate rate cases.'® Indeed, in
1983, the first annual intersiate access charge filing used a marginal cost based on an earlier New
York Telephone study. and subsequent annual intersiate filings by the National Exchange Carrier
Association (NECA) and the individual Regions or BOCs generally have relied on this resuit. The
Commission has not criticized this methodology to date: on the contrary. the Commission expli-
citly used the NECA marginal cost estimate to adjust its estimate of exchanFe carrier costs for
demand response effects in its response to the March, 1984 access tariff filings.!

22 Cost Offsets in an Interstate Access Tariff Filing

The annual interstate access tariff filing is the principal vehicle through which the Commission
enforces its mandate to regulate the rate of return of the local exchange carriers on their interstate
access investment. Commission rules require that the Local Exchange Carriers (LECs) forecast
their demand and cost for each of the access rate elements and that a rate be set so that each LEC
will earn no more than its allowed rate of return. If the baseline demand and cost forecast results
in rates which are substantially different from their current levels, the Commission requires that
the effects of these new rates on demand and cost be estimated, so that adjusted rates - inclusive of
demand response and cost offset effects - can be calculated. These rates. then. are partially con-
sistent in the sense that the company expects to achieve the adjusied demand volumes and adjusted

7. The Commission's Third Report end Order In CC Docket 78-72, (seleased February 28, 1983), paragraphs 110-111, in
which the C: isah P y rejects & poly f ise in carvies access as & market structure sojution to problems
created by their proposed uneconomic recovery of NTS costa.

8. L. H. Mantell, "An Econometric Study of Returns to Scale in the Bell System,” Staff Rescarch Paper, Office of
T E

Policy, ive Office of the President, Washingion, D.C., Febnur!, 1974, or H. D. Vinod,
“Application of New Ridge Regression Methods to a Study of Bell System Scale Economies,” Journal of the American
5 1 Association, Dx ber, 1976.
9. L. R. Chyi D. C. Chris . and P. E. Schoech, op. cit., 1983. For an opposing view, see D. S. Evans and J. J.

H«h)nln. “Natural Monopoty,” Breoking Up Bsll, ¢d. D. S. Evans {New York: North Holland Publishing Company,

1983).

10. Econometric 053 models for intrastate services presented in the 19835 New York State rate case; NYPSC Case No. 28961.
A more .le:usibk summary is A. Noel Doherty, pirical Estimates of Demand and Cost Elaaticities of Local Telephone
Service,” Changing Patterns in Regulation, Markets, and Technology: The Effsct on Public Utility Pricing, «d. P. C. Mana
and H. M. Trebing (East Lansing: Institute of Public Utilities, 1984). pp. 115 141.

11. Menorandum Opinion ond Order, CC Docket Nos. 83-1145 (Phase 1) and 78-72 (Phase 1), released May 15. 1984,
panagraph 72.
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costs if the haseline rates were 10 go into effect.*?

Once baseline rates are established and demand responses to those rates are rsliml_led. a change in
total company costs is calculated from the marginal cost model. This change in l:e cornpanr{
budget is then separated into an interstate and intrastate component, gerfeully using t :sam'e’ ]_;_ehe
centage of interstate assigned by category of cost as appears ir? the baseline company budget. e
interstate portion of these cost changes is then assigned to s“.nlched and special access caugor; "
the same proportion as baseline cosls were assigned and. w,lhm categories, cosl changes are assig

to cost clements folowing the baseline assignment proportions.

The demand response process yields changes in demand by access element. and the calculation just

described provides changes in sevenue requirements by access element. This is all ‘l_hc .:‘;Of:::)::::;
that is necessary to calculate rates for each access rate element. Rates calcufated using this od
have the characteristic of actual demand being equal to that estimated tfy the demand rf:sr?nse p -
gram (in response to the baseline rates): and if these adjusted rates are in effect, the resue:ng‘en:\;:
nue will be close to the revenue requirement. Note again that the demand volumes prh u:“ ’ ):
the demand response model are inconsistent with the adjusied rates (see foo!nol_e 11), but if tha
demand were 10 occur, predicted revenue would satisTy the rate of return constraint.

here should be further adjustment to demand

ined: 1 ;
attsined racy of the demand and cost elasticity

12. Obvio i f mplions has not been
12. Obviously, (uil consisiency of assump In practice, the accu

volumes and costs 10 reflect the demand Idjullﬂ.i Tates. r
estimates peneraily do not w arrani more than one iteration of this process.
is is justifi P hout this dure) that i
13. This is justified by the assumplion (mnlnulpmﬂ g this procedur
drmandlchmges uyilhin the test year. Thus, invesiment expenses remain fixed for
that are driven by investment also yemaln fined.

f is ton slow to respond 1o
he test year, and sepasations factors
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3.0 SPECIFICATION, ESTIMATION, AND INTERPRETATION OF THE MODEL

3.1 Introduction

In this section we discuss the statistical methods by which we estimate the marginal cost of inter-
state access services and the assumptions that must hold for these methods 10 be valid. We present
estimates of the unknown parameters of the model, statistical tests that suggest the limitations of
those estimates, and an interpretation of those estimates.

3.2 Model Specification

Consider a firm (a predivestiture aggregate of Bell Operating Companies) that chooses levels of
variable inputs (labor and raw materials) to produce its observed level of output at minimum cost,
assuming that its capital stock is fixed at its observed level. The operative behavioral assumption
is that variable cost is minimized, conditional on the level of output. prices of the variable faciors
of production, and the level of the capital stock that is assumed 10 be quasi-fixed.' or outside of
the firm’s control when levels of variable factors of production are chosen. The marginal cost esti-
mates we will calculate wiil assume that the level of output. the Jevel of the capital stock. and the
prices of variable factors are exogenous.

Here. a problem is often thought 1o arise for a rate-of-return regulated firm. For such a lim.
prices are chosen 50 that revenue will equal cost (including a rate of return on 1he allowed rate
base). ) our measure of outpui is deflated revenue, it might appear that random fluctuations in
cost would be correlated with random fluctuations in measured output. In this case. one could not
treat output as exogenous in Lhe cost function and 10 do so would resull in biased and inconsistent
measures of marginal cost. However, prices are lixed using test year forecasts of costs and demand:
prices are not updated lo ensure that actual revenue identically equals actual revenue requisements.
Thus. actual revenue can deviate from planned revenue because of demand perturbations and
actual cost can deviate from planned cost (conditional on output) because of cost perturbations.
Thus. disturbances in the cost function are not necessarily correlated with variation in deflated
revenue.

We assume the cost structure of ihe firm can be approximated by a translog function form. This is
reasonable because a translog form is a local.!® second-order approximation to an arbitrary cost
function,'® and because there is a long history of its use in estimating lelecommunications cost
functions.!” The translog variable cost function is written in the following form:

14. Orver the lime period of the sample, the capital stock changes; however, it is not assumed that the fivm adjusts the cspital
$lock instanisncously 10 minimize costs. Among the 1esuits of the study is & Tert of the hypothesis that the level of the
capital ohsers ed 15 cost minimizing.

15. i.c., in the neighbothood of the observed date.

16. E. Diew oy, “Applications of Dualsty Theary,” Frontiers of Quantitatve Econonucs, ed. M. Intriligator and D. Kendrick
Vol. Z{ Amsterdam: North Hotland Publishing Company, 1974).

17. M. Denny, €. Everson, M. Fuss, and L. Waverman, 'Eslvu-ulinklhr Effects of IWffusion of JTechnological Innovations in
Telecommunications: The Production Stsucture of Bell Canada,” Canadwan Journal of Economics, Februaty, 1951 Nadans
and Schankerman, 1981, op < ; and Chrictensen, Christensen and Schoech, 1983, op. ed.
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InCV = ag + ax InK + ay InN + a; InT + ay InY + T Bi 1nP, Equation (1)
1
+ 1/2 8(InKY + 172 8\ (1nN) + 1/2 87:(1nT)?

+1728YY(1aYP + 1/2 T T y,tnP, 1aP; + T py, 10K InP,
[ ] '

+ X pw InN 1nP, + T py; InT 1nP; + ¥ py; InY 1nP;
[ ) i

+ pxn 10K 10N + pyp InK InT + pyy 10K InY

* pnt InN InT + pyy InN InY + pry 10T 1nY.

where CV is variable cost: K is the level of capital input: N is the size of the network: T represents
the level of technology: Y is the level of output; P, are the prices of the variable inputs; and
Y=Yy

From _Shepl.urd"s Lemma.'® the cost shares (Mi) of the two variable inputs are equal 10 the loga-
rithmic derivatives of the cost function with respect to the two input prices:

M= B+ L v, InP; + py, 10K + py, InN + py; InT + py, InY . Equation (2)

We follow standard econometric practice in appending classical disturbances 10 Equation (1) and
the' two equations embodied in Equation (2). The parameters of the cost function then can be
estimated by treating the three equations in (1) and (2) as a multivariate regression and using
Zellner's seemingly unrelated regressions technique.'® Because the share Equations (2) sum identi-
u!ly. to one. the disturbance covariance matrix of the three-equation system is singular. We treat
this in estimating the system by dropping either of the share Equations (2) at the second stage of
the Zellner procedure. These estimates are asymptotically equivalent to maximum likelihood
methods and are invariant with respect to which factor share equation is deleted. Note, however
that hypothesis tests and estimated confidence intervals are only valid asymptotically. '

This specification follows that of Caves and Christensen (1984),%° in that a network size variable

18. Diewert, op. ctf.
19. A, Zeitner, "An Efficient Method of Estimating S 1y Unrelated R i ins,”
of the Americam Satissial Armeeiarior 1, P.’- ’“_3;'{ nrelated Reg and Testa for Aggregation Bias,” Journal

20.D. W. Caves, L. R. Christensen and ). A. ivity i i .
P ics, Spring, 1980, Swanson, "ondu:uvuy in U. S. Railroads, 19511974, Bell fournal of
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(N) is included as an exogenous explanatory variable. The purpose of this specification is to pesmit
the distinclion between the cost impacts of changes in output and changes in the size of the sysiem.
An increase in output that occurs without a corresponding addition 1o the size of the network
should be less costly than an identical increase in output that is accompanied by network expansion
because the existing capital stock is being used more intensely. This distinction has been embodied
in two paramelers that are functions of the parameters of the variable cost function (1) and (2): s
returns to scale and a returns to densily parameter. Returns to scale in this specification is the pro-
portional increase in output and network size made possible by a proportional increase in all inputs,
holding technology fixed: returns to density is the proportional increase in output caused by a pro-
portional increase in all inputs. holding network size and technology fixed.

Successful estimation of Fquations (1) and (2) with no further restrictions on the parameters is
unlikely from our limited lime series data since there are 27 unknown regression coefficients plus
disturbance covariance parameters to be estimated. Moreover, there is little variation in factor
shares and little independent variation in factor prices over the period of the sample. The fact that
the size of the former Bell System was increasing smoothly over the period also will make it diffi-
cult to distinguish cost effecis of research and development from cost changes due 10 increased
economies of scale. The solution is Lo restrict the parameters of Equations (1) and (2) in plausible
ways that do not contradict the data. and we will discuss such restrictions when we present the
parameter eslimates. A priori, however. we know that a cost function must be homogenous of
degree one in input prices.?! which implies the following restrictions on the parameters:

I8, =1. ¥p=0. ¥pw=0. Fpr, = 0. Lpy, = 0. Ly, =0.forallj

3.3 Inputs Required
To estimate the parameters of Equations (1) and (2). the following data is required for the aggre
gate of the predivestiture Bell Operating Companies:

— variable operating expenses

- output

~ capital stock

— variable input prices:

- labor
raw materials
— network size
~— technology index.

Detailed development of these series from telephone company accounts is presented in Section 4 0.
In this section, we present enough of an overview of the data to facilitate understanding of the

results.

21.1f all input prices are doubled, variable operating costs will double because only refafive prices of inputs matter.
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The basic data used in this study are similar to those used b: i i
: t se s y Christensen, Cummings. and Schoech
(1980) and Christensen, Christensen, and Schoech (1983)*2 with the following di[fergencm: 0

— a network size variable is calculated;
— observations are quarterly between 1972 to 1982, not annually: and
— the unit of observation is the aggregate of the predi i i i
predivestiture Bell Operating Ci .
the entire former Bell System, perating Tompanies. not

The basic approach is to construct variables at the most disa )

: ' ggregated level possible and aggregate
to the level required by Equations (1) and (2) using the lgrroprille index for the produclioglf f\fnc-
tion we have implicitly specified in Equations (1) and (2).

Variable operating expenses were calculated a i
s the sum of labor and raw materials ¢
and as described below. oss

Oulput was based on 11 principal revenue measures including both interstate and intrastate
services. The revenue categories were deflated by appropriate price indexes to obtain 11
quantity indexes which were then combined into a Tornqvist index of aggregate former Bell
System output.

The capilfll stock series was calculated by applying the perpetual inventory method to
twenty different types of owned tangible assets. Two surveys of former Bell System capi-
tal stocks (in 1972 and 1979) provided benchmark measures of the capital stock and
r.eplllcemem rate in each account. For each of the twenty categories. investment and depre-
ciation series were constructed; when combined with the benchmark data, this provided a
capital stock in service lime series for each category. These stocks. asset prices, and replace-
ment rates. combined with former Bell System cost of capital and tax data, were used to
calculate capital service price weights.?* These weights then were used to calculate 2
Torngvist index of aggregate former Bell System capital stock.

Real labor input was calculated by constructing a Tornqvist index using wage rates and
aggregate hours worked for each of several major employee groups. The labor price index
was calculated by dividing total labor compensation by this estimate of the quantity of
!lbor services employed. Labor costs were calculated as the product of the labor price
index and the measure of real labor input.

Total raw maleria.ls costs were calculated as a residual by subtracting labor costs. operating
rents, and depreciation and amortization expenses from total operating expenses. The raw
materials price index was assumed to be proportional to the GNP price deflator.

Network size was measured as the number of main and equivalent telephones in service.

22. L. R, Chri D.C i and P. E. Schoech, “Productivity in ]
" 5 g . he Bell Sysiem, 1947-1977," ted
Eight Anaual T ! Policy R LALR ysiem, | .” paper presented a1 the
(1983), op. cit. ey Conference. April 1980; and Chr Ch o3 Schoeh
23. Subsection 4.2
24. Section 4.0
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The technology index was taken to be the Poisson-weighted 15-year distributed lag in real
research-and development expenses in the former Bell System which was developed by
Vinod (1976).2

Quarterly observations for all of these series were calculated from 1972 to 1982 the data are
presented in Figure 4-4 in Subsection 4.5. Data Sources.

3.4 Outputs from the Model

Fitting the cost and factor share Fquations (1) and (2) to the time series data discussed in Subsec-
tion 3.2 provides estimates of the unknown parsmeters of 1he mode! (1he Greek letters in Equations
(1) and (2)). In addition, test statistics can be calculated from these estimates. which suggest
whether or not the assumptions we have made in the model specification and estimation process are

contradicted by the data.

Recall that the purpose of estimating this model is to obtain estimates of the marginal cost of vari-
ous access services. The coefficient of output in FEquation (1) is an estimate of the elasticity of
operating cost with respect 1o output multiplying it by the ratio of measured output to operating
cost yields an aggregate marginal cost (i.e.. the dollar change in cost associated with a dollar change
in output). Subsection 5.1 discusses additional assumptions and a method under which that change
in cost can be attributed to changes in outputs of the different component services of total output.
Note that aggregate marginal cost - as defined above - will vary with the ratio of output to cost
and thus vary over time. On the assumption that recent experience is most relevant, we will calcu-
Jate marginal costs as they were in 1982. Obviously. aggregate marginal costs could be inputted to
current periods using current output-cost ratios. but since the approximation properties of the
translog cost function are only valid Jocally. we will not deviate from Lhe range of data observed.

3.5 Estimation of the Model

As ponted out earlier, estimation of the cost function in its most general form (liquation (1)is
unlikely to succeed because there are 100 many different parameters 1o estimate independently
from limited time series data. Accordingly, the strategy in estimating the model is to find the most
general restricted specification of the model that has the following two characteristics. First, the
implied shape of the estimated cost function accords with economic theory throughout the sample
period. Operationally. we shall take this to mean that throughout the sample period:

(1) costs should increase with network. output, and factor prices;
(2) costs should decrease with improvements in technology:
(3) the shape of the cost function should not vary wildly within the sample period: and

(4) the elasticity of variable costs with respect 1o the ugiul stock should approximate the
negative of the ratio of capital costs to variable costs.

Second. the parameter restrictions necessary to yield the first characteristic are a priori plausible
and are not contradicted in statistical tests based on the observed data.

25._H. DT \tv‘rmud, “Application of New Ridge Regression Methods 10 2 Study of Bell System Scaie Economies,” Journal of the

American Statistical Association, December, 1976.
26. This is nrcessary for the quasi-fixed capital stock to be at itz optimal value.
\ ariable operating expenses is roughly constant at 0.9.

In the sample, the ratio of capital costs to
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Point estimates and standard errors for Equation (1) - constrained only for first degree homo-
genelty - are given-in Table 3-1 (Tables 3-1 10 3-8 are presented at the end of this-section). Point
estimates are imprecise and the estimated cost function is very unstable in the sense that there are
some quarters in which aggregate marginal costs are negative or in which operating costs rise as
technology improves. Quarterly estimates of returns 10 scale range from -9.17 to +44.74.

The most restrictive version of Equation (1) that remains economically plausible is essentially a
Cobb-Douglas cost function. which includes only the first-order terms of each variable. Tbis
allows returns to scale to differ from one but does not permit quarterly variation in the degree of
scale economies. Further, it restricts the elasticity of substitution®” to unity.

Parameter estimates for this specification sre presented in column [2] of Table 3-2. Eight increas-
ingly general specifications are presented here, in which the model (1) is limited to first-order
terms, second-order terms of single variables. and second-order cross-price terms. Virtually all
nine of the cost functions estimated in Table 3-2 meet the reasonability tests just described.
Specification [2) has correct signs. four parameter estimates that are significantly different from
zero. and capital stock elasticity with approximately the right magnitude.

The results for specification [3] suggest that a second-order capital term significantly improves the
explanatory power of the model. Unfortunately, inclusion of the second-order capital term causes
the cost elasticity of the capital stock to vary implausibly. from -0.99 in 1972 10 -0.53 in 1982.
The second-order terms introduced in specification [4] are swatistically insignificant. Specification
[5) suggests that the second-order technology term may be statistically important. Moreover, the
results imply that the change in costs with respect to technology rises from -0.6 in 1972 to0 -0.3 in
1982 which, in turn, implies that returns to research and development, though still positive in
1982, have fallen over the sample period. Second-order price terms all appear to be important in
specification [6).

Specifications [7) through [10] explore combinations of second-order terms. Specification [7]
includes first-order terms and second-order capital stock and price terms. However. as observed in
specification [3). inclusion of a second-order capital term yields a cost funclion that is implausibly
unstable over lime with respect to the capital stock. Specification [8) includes second-order net-
work, output. and price terms, but. as in specification [4). the network and output terms are sta-
tistically insignificant. Specification [9] combines second-order technology and price terms and has
roughly the same result and interpretation as specification [S]. The second-order capital term is
included along with technology and price terms in specification [10) and exerts its previously-
observed destabilizing influence.

In summary. it appears that the inclusion of a second-order capital term in any specification leads
to poor performance of the estimated cost function and that second-order network and output
terms do not increase the explanatory power of any specification of the model. On the positive
side. second-order price and technology terms provide significant increases in explanatory power
and plausible results. On this basis, specification {9] appears to be superior to its alternatives in
Table 3-2.

Table 3-2 provides estimates of returns to scale and returns to density. calculated at the mean of
the sample. These can be calculated directly from the parameters of the variable cost function by
the formulas:

21. A of the resp of factor shares to relative changes in facior prices.
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SCE = [1 —(§ 1nCV/g 1nK)J/(3 1nCV/g 1nY + § InCV/§ 1nN)

DNS = [1 =(g 1nCV/9 1nK)I(3 1nCV/3 1nY).

where SCE and DNS are returns to scale and returns to density. respectively. Scale economies
range from 0.77 to 1.03, but throughout Table 3-2. they never differ from one by an amount that
is statistically significant. Hence. we estimate a further restriction of specification {9]. which
imposes constant returns 10 scale through the constraint:

any =1 —ag — ay.

Imposing this constraint causes insignilicant shifts in the point estimates of llfe parameters but
yields generally smaller estimated standard errors: compare columns {9} and {11] in Table 3-3.

Model [11] in Table 3-3 is our preferred model; the marginal costs we will use for f\nrther work
will be based on its parameter estimates. 1t has the following desirable economic properties:

— costs increase with output, network size. and inpul prices

— it is homogeneous of degree one in prices

— costs decrease with improving technology ) ) ]

— the observed capital stock is relatively close to the cost minimizing level implied by model

(1)
— the cost function is concave with respect to input prices.
Statistically, all parameters in the model are significantly different from zero. The fit of lhe.sxs-
tem of equations is more than adequate. as shown in Table 3-4. Thc_ l?url?nn-WatSOP statistics
reject the presence of {irst-order serial correlation of the residuals. The. similarity in sta'usual pro-
perties of the factor share equations is due to the singularity of the disturbance covariance matrix
which, in turn. is due to Lhe fact that the shares must sum identically to one. Fitted vnlnes and
residuals for the three equations are presented in Table 3-5. Finally. to examine the p!ausnb_lhly of
the totality of the parameter restrictions embodied in specification “.“' we compare it against the
most general model (specification [1]. which embodies only homogengny). 'l_'he aprtrf)prl_ate statisti-
cal technique is an F test of the hypothesis that the additional restrictions in spe'cnfncnlfo'n [1.)] are
valid; it compares the sum of squared residuals in specification [11] with those in specification (1]
to determine the loss in fit produced by imposing restrictions that may or may not bc_consn..wl‘em
with the data. The F statistic equals 0.98. which is substantially less than a conservative crll{cfl
value of 2.20, so that we are unable 10 reject the restrictions on specification [1) that yield specifi-

cation [11}.
3.6 Interpretation of the Results

Table 3-2 gives marginal costs of swilched and special access for 1982. which are implied by lh.c
various models. This calculation of the marginal costs for various components of total output is

based on the formula:

- 9InCv _ giny C,
T Biny ~ 9iny, V'

MC,

where (31nC,/@1nY) represents the elasticity of variable cost with respect to aggregate output;
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(91nY/31nY,) represents the elasticity of aggregate output with respect to output i; C, represents
total variable cost in 1982, and Y, represents the level of output i in 1982 (represented in conversa-
tion minutes for switched access and dollar revenues for private line).

The elasticity of cost with respect to output comes directly from the econometric model estimated
and is 0.38 in specification [11}. The elasticity of aggregate output with respect 1o output i comes
directly from the aggregator function used to construct aggregate output. It is equal to:

QuYy/ T Yy,
J

where qy is the set of prices used to construct Y. In the case where indexes of prices received are
used in aggregation, this elasticity is the revenue share of class i.

Application of these formulas to calculate 1982 marginal costs for swiltched and special access ser-
vices is outlined in Tables 3-6 and 3-7. Note that the marginal cost per dollar of revenue in 1982 is
the same for switched and special access services. This is a consequence of the assumption used in
constructing our measure of aggregate outputl that marginal costs are proportional to prices across
services. Thus an assumption of our model is that the additional cost sssociated with an additional
dollar of revenue is the same for all services.

This formula - and the interpretation of the calculations as marginal cos\s of intersiate access ser-
vices - depend on two critical assumptions. First, we must assume that the interstate revenue of
the aggregate of the predivestiture Bell Operating Companies during this period. represents revenue
derived from services that are similar to interstate access services provided today. This may be
approximately valid. since the system of access charges set up in FOC Docket 78-72 was con-
strucied Lo mirror 1he predivestiture division of revenues process ss closely as possible. Second, the
construction of the aggregate output index implicitly assumes that the marginal cost of each of the
11 categories of output is proportional to its price. Since services’ prices were set by fully-
distributed costs. it is unlikely that this condition would hold exactly. Indeed. specific parts of the
price of intersiate toll were derived from an assigned recovery of some of the costs of local service.
50 that it may be that the ratio of local-10-toll marginal costs was higher than the ratio of local-
to-toll prices. To determine the sensitivity of our results to this possibility, we allow the ratio of
local-to-toll marginal costs to exceed the ratio of local-to-toll rates by 10, 20, 30, 40 and 50 per-
cent, recalculate aggregate output, re-estimate specification [11] and recalculate the associated mar-
ginal costs.

Sensitivity results are presented in Table 3-8. Our preferred model (1] implies that, in 1982, the
predivestiture Bell Opersting Companies incurred 3.15 cents in operating costs for an additional
interstate xwitched sccess conversation minute and 20.68 cents for every additional dollar of reve-
nue: interstate private line revenue or interstate switched access revenue, in particular. In an
extreme violation of the assumptions underlying our output aggregation, the swilched access mar-
ginal cost would fall 10 4.39 cents per minute and the specisl (or switched) access marginal cost per
dollar of revenue would fall to 17.61 cents. A 50 percent violation of our assumptions gives rise to
roughly a 15 percent change in our marginal cost estimates.

Recall from Section 2.0 the three uses 10 which results from this mode! are 1o be put:

(1} to eslculate changes in costs caused by rate changes for demand response in interstate
access tariff filings.

3-8
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{2) 1o set s floor for access service prices 10 ensure that all subcategories of the regulated
service recover at least their marginal cost. and
(3) to estimate the level to which competition can drive prices for interstate access.

For the first activily, marginal cost per dollar of service revenue is the appropriate measurement.
In Section 5.0, we take the point estimate for the model (for 1982). adjust it for a future test year.
and show how it is applied in a tariff filing. For the second and third activities. .\he relevant mar-
ginal cost {for switched iccess) is the cost per minute calculation. and that requires a few adjust-
ments. descriptions of which follow.
First, in calculating the marginal cost per minute in Table 3-6, we used an average cost per'minut_e
figure derived {yom switched conversation minutes. Roughly speaking. a c'onv.ersnllon plnule is
cquivalent to two access minutes: one at the originating and one at the terminating location of nge
call.?® Tlence. the marginal cost of a switched sccess minute (in 1982) implied by the model is
approximately 2.58 cents per access minute witha standard dgvinlion of 0.76 cents. lThe.refore, the
95 percent confidence interval for the marginal cost of a switched access minute implied by the
model is (1.09.4.06) cents per access minute.
Some further adjustments 10 this estimate are necessary Lo compensate for dil’ferenc?s between ‘.h"
predivestiture BOC interstate service offering in 1982 and BOC interstate access service today. The
2.58 cents per access minute marginal cost includes the following services. which are not included
in switched access today:

(1) billing and collection,

(2) operator services. and

(3) directory assistance.

tributed costs of these services generally exceeds one cent per access minute, which -
if it approximates 1982 marginal costs - would lower our estimate of 1he marginal cost of a current
switched access minute (in 1982) to roughly 1.5 cents per minute. Further, even less quan'lll'uble
adjustments must be made to compensaie for changes in technology sinc_c 19.82 (predominantly
digital switching and fiber transmission) and for costs associated with predivestiture BO(‘ nclw(Trk.
facilities that were transferred to AT&T at divestiture. The effect of both of these adjustments s
to further reduce the 1.5 cent marginal cost estimate.

The fully-dis

—Z—A——l_!.:i;”tu}mm two primarily hecause of call setup time, busy calls, and other incomplete calls % hose access time
charged to the interexchange casrier st the originating end.
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Table 3-1.

3-10

Estimated Parameters of the Translog Variable Cost Model

-22953 (29835)
241 (951)
2717 (5436)
-1857 (1776)
6.47 (1168)
-3.14(11.0)
4.14(11.0)
52.3(48.9)
66.3 (556)
-64.0 (58.7)
19.2 (30.7)
-.026 (.142)
.026 (.142)
-.026 (.142)
.223 (.248)
-.223(.248)

Pnr
Prm
Pn
P
Py

Pym

.290 (1.06)
-.290 (1.06)
-.028 (.447)
.028 (.447)
-.268 (.261)
.268 (.261)
-.130(94.6)
-28.4(31.0)
48.3(23.4)

170 (148)

-80.0 (125)

-13.2(29.9)
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Table 3-2. Parameter Estimates for Nine Variations of the Translog Cost Function

(standard errors in parentheses)

12) {3) {4} Is) la}
2nd Ordes
Ist Order  2nd Order Outpur, 2nd Order  2nd Ordey
Paramecter Terms Capitsl Network  Technology . Prices
ay -0.94 -22.04 0.81 -0.83 -0.94
(0.22) (4.385) (0.19) (0.19) (0.22)
oy 1.60 2.02 3.45 2.07 1.38
(0.89) (0.75) (61.24) (0.76) (0.91)
oy -0.21 -0.50 0.40 -3.39 -0.18
(0.25) (0.22) (0.22) (0.79) (0.26)
ay 0.33 0.24 6.81 0.24 0.34
(0.23) (0.19) (16.42) 0.19) t0.2v)
.18 0.77 0.77 0.77 0.77 0.74
(0.00) (0.00) (0.00) (0.00) (0.00)
Bm 0.23 0.2 023 0.23 0.26
(0.00) (0.00) (0.00) (0.00) (0.00)
Sy 0.97
(0.22)
Sun 0.30
(3.38)
8¢t 0.63
(0.13)
Syy 0.3
€0.73)
Y 0.08
{0.03)
rim 0.08
(0.03)
0.08
MM
Y (0.03)
Scale 1.00 0.77 0.81 0.79 1.03
(0.31) 0.17) (0.18) (0.37) (0.33)
Density 5.30 712 5.81 7.58 5.72
(4.28) (s.91) {9.20) (6.40) (4.28)
1932 Marginal Costs (cents)
Switched Access 4.53 3.30 a7 326 4.59 .
Private Line 18.18 13.25 16.74 1311 18.44
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Table 3-2. Parameter Estimates for Nine Variations of the Translog Cost Function (continued)

(standard errors in parentheses)

i7 (4] is} 10
2nd-Order 2nd-Order
2nd Order  Network,  2nd-Order Capital,
Capital, Output Technology  Technology
Parameter Prices Prices Prices Prices
ay -22.8 -0.81 -0.83 -28.02
(4.92) (0.19) (0.19) (35.47)
ay 2.00 -0.81 2.08 2.00
(0.73) (0.19) (0.76) (0.76)
ay -0.48 -0.39 -3.54 0.23
(0.22) (0.21) (0.719) (4.98)
ay 0.24 -1.72 0.24 024
(0.19) (16.93) (0.19) (0.19)
.18 0.73 0.13 0.13 0.74
(0.00) (0.01) {0.00) (0.01)
BM 0.27 0.27 0.27 0.26
(0.00) (o0.01) (0.00) (0.01)
Sxx 1.00 1.24
(0.23) (1.62)
San 0.21
(3.41)
S 0.66 -0.16
(0.15) (1.08)
Syy 0.35
(0.74)
YL -0.08 -0.09 0.09 0.09
(0.03) (0.03) (0.03) (0.03)
Yim 0.09 0.09 0.09 0.09
(0.03) (0.03) (0.03) (0.03)
MM -0.09 -0.09 0.09 0.09
(0.03) (0.03) (0.03) (0.03)
Scale 0.77 0.1 0.30 0.77
{017 0.1} {0.13) {0.13)
Density 1.28 5.94 1.59 1.09
(6.21) (9.52) (6.46) (6.04)
1982 Marginat Costs
Switched Access 32 43 Wi k)
Private Line 12.90 11.30 13.06 1318

3-12

Model

(standard errors in parentheses)

Parameter

oy
N
or
ay
B
Bm

rr

YL

YMM
Scale
Density

1982 Marginal Costs
Switched Access
Private Line
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Table 3-3. Imposition of Conslant Returns to Scale Upon the Second Order Technology and Prices

(9] (11}
Second-Order
Second-Order Technology
Technology Prices
Prices SCE = 1.00
-0.83 -0.79
(0.19) (0.18)
2.05 1.40
(0.76) (0.26)
-3.54 -3.21
(0.79) (0.71)
0.24 0.38
(0.19) (0.11)
0.73 0.7
(0.00) (0.01)
027 0.27
(0.00) (0.01)
0.66 0.63
(0.15) (0.15)
-0.09 -0.09
(0.03) (0.03)
0.09 0.09
(0.03) (0.03)
.09 -0.09
(0.03) 0.03)
0.80 1.00
(0.18) (0.00)
1.59 4.69
(6.46) (1.67)
325 515
13.06 20.68




SR- FAD-000552
Issue 1. May 1987

Table 3-4. Statistical Fit of Preferred Mode!

Sum of Durbin-

Equation Multiple R? sg. resid. Watison
Cost Function 0.99900 006755  1.89524
Labor Share 0.20418 012228 1.778
Materials Share 0.20431 012228 1.778
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Table 3-5. Fitted Values and Residuals of Preferred Model

Fitted Fitted
Loy Fitted LSFT MSET
Quarter Cost RESIDL Labor Share RESIOL Materials slme RESIDL
19721 21.54712 .006348 .781387 -.011759 .218613 011755
19722 21.56862 .009277 779617 -.009314 .220383 .009320
19723 21.60170 .003632 .778083 .018404 .221917 -.01%410
19724 21.63797 -.003128 776951 .003254 .223049 -.003256
19731 21.66249 -.018539 .776032 -.006693 .223968 .006691
19732 21.69278 -.021469 .175403 -.010984 .224597 .010933
19733 21.71394 .000961 .774902 .—.012632 .225098 .012633
19734 21.74301 025253 774281 007498 .225719 -.007497
19741 21.76425 -.009094 774322 -.003454 .225678 .003454
19742 21.79451 -.006393 .774206 -.012944 .225794 .012941
19743 21.82275 .004410 .774209 .011893 .225791 -.0118%0
19744 21.85335 .013590 .773884 .029888 .226116 -.029885
19751 21.87430 .002396 772720 .007039 227280 -.007036
19752 21.90839 -.001282 .771259 -.005752 .228741 .005746
19753 21.93861 .011246 .770289 .027595 .229711 -.027597
19754 21.97308 .002563 .769169 .025977 .230831 -.025975
19761 22.00569 -.004944 .767429 .006943 232571 -.006946
19762 22.03801 ~.016602 765890 -.007693 .234110 .007697
19763 22.06712 -.007416 .765123 .027854 .234877 -.027949
19764 22.08803 .009054 .765345 .009797 .234655 -.009793
19771 22.11345 -.006088 764275 -.009834 .235725 .009833
19772 22.14040 -.008179 .764447 ~.014927 .235553 .014931
19773 22.16646 .002029 .764287 -.005453 .235713 .005454
19774 22.20280 .006485 .764045 .031881 +235955 -.031882
19781 22.23035 .003845 .763611 .006662 .236389 -.006668
19782 22.26491 .000214 .764319 -.030810 .235681 .030806
19783 22.29639 -.004181 .764161 .017793 .235839 -.017789
19784 22.33058 .017868 .763685 -.012985 .236315 .012986
19791 22.,37057 -.002991 .763155 .004330 .236845 -.004334
19792 22.40440 002472 . 762665 -.029321 .237335 .0291322
19793 22.44028 -,003845 .762244 .007930 237756 -.007937
19794 22.46710 .214328 .761698 .005423 .238302 -.005421
19801 22,50232 -.006348 .761669 -.012157 .238331 .012157
19802 22.53494 -.014359 .761958 -.028206 .238042 .028208
19803 22.56697 -.008194 .761558 -.010136 .238442 .010140
19804 22.59413 -.005630 .761403 .012347 .238597 -.012340
19811 22.62128 -.232608 .761252 -.016752 .238748 .016745
19812 22.65620 .031662 .760260 -.040153 .239740 .040148
19813 22.69435 .015305 .758738 -.006127 .241262 .006122
19814 22.73502 .009735 .755770 .004668 .244230 -.004663
19821 22.77666 .005890 .752274 .017889 .247726 -.017896
19822 22.81931 .012131 .749198 -.002513 .250802 .002516
19823 22.85818 -.023743 .745868 .014944 .254132 -.014948
12824 22.88869 -.005920 .742702 .006770 .257298 -.006764
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Table 3-6. Calculation of Marginal Cost for Switched Access

10.

3-16

Elasticity of Operating Expense
with Respect to Total Output

Elasticity of Total Quiput
with Respect to Interstate
Switched Access (MTS and WATS)

Elasticity of Operating Expense
with Respect to Interstate
Switched Access

Total Variable Costs - 1982
(millions)

Number of Switched Access
Conversation Minutes - 1982
{millions)

Marginal Operating Cost of
a Switched Access Minute - 1982

Standard Deviation of Marginal
Cost of Switched Access Minute

Switched Services Revenue - 1982
(millions)

Marginal Operating Cost per Dollar
of Switched Revenue

Standard Deviation of Marginal Cost
per Dollar of Switched Revenue

3810

2361

$32.998

57.688

$.0515

$.0152

$60.769

$.2068

$.0610
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Table 3-7. Calculation of Marginal Cost of Private l.ine

1.  Elasticity of Operating Expense
with Respect to Total OQutput

2. Elasticity of Total Output
with Respect 1o Interstate
Private Line OQutpui

3.  Elasticity of Operating Expense
with Respect 1o Interstate
Private Line Qutput

4. Toual Variable Costs - 1982
{millions)

5. Total Revenues - 1982
(millions)

6. Marginal Operating Cost
per Dollar of Revenue - 1982

7.  Standard Deviation of Marginal
Cost

3810

0395

0150

$32,998

$2.401

$.2068

$.0610
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Table 3-8. The Scale-Constrained Second Order Price and Technology Model: Variations in Output
Prices from Marginal Costs

(standard errors in parentheses)

) 11a) [11v] [11e) [114) lt1e)

No 10% 20% 30% 40% 0%
Relative Relative Relative Relstive Relative Relative
Parameter Varistion Varistion Varistion Variation Varistion Variation
oy -0.79 -0.78 -0.78 -0.78 -0.77 -0.77
(0.18) (0.18) (0.19) (0.19) (0.19) (0.19)
oy 1.40 1.39 1.33 1.37 1.37 1.36
(0.26) (0.26) (0.21m) (0.27) (0.2m) (0.28)
o -3 -3.22 -3.23 -3.24 -3.25 3.26
(0.71) (0.71) (0.72) 0.12) (0.72) (0.72)
ay 0.38 0.39 0.40 0.40 0.41 0.41
(0.11) (0.12) (0.12) 0.12) (0.13) (0.31)
B, 0.73 0.73 0.73 0.73 0.73 0.73

(0.01) (0.01) (o.01) (0.01) (0.01) (0.01)

Bm 0.27 0.27 0.27 0.27 0.27 0.27
(0.01) (o.o1) (0.01) (0.01) (0.01) (o.01)

- 0.63 0.63 0.63 0.63 0.64 0.64
(0.18) (0.1%) (0.15) (©.19%) 0.15) ©.18)

YL -0.09 -0.09 -0.09 0.09 -0.09 0.09
(0.03) (0.03) (0.09) (0.03) (0.03) (0.03)

Yim 0.09 0.09 0.09 0.09 0.09 0.09
(©03)  (003)  (0.03) (009 (003 (0.0

Ymm -0.09 -0.09 -0.09 -0.09 0.09 -0.09
(0.03) {0.03) (0.03) (0.03) (0.03) (0.03)
Scale 1.00 1.00 1.00 1.00 1.00 1.00°
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Density 4.69 4.57 4.49 442 437 432
(1.67) 1.65) (1.64) (1.63) (1.63) (1.64)
1982 Marginal Costs
Switched Access 518 5.00 4.83 468 453 4.39
Private Line 20.68 20.07 19.42 18.80 18.19 17.61
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4.0 DATA DEVELOPMENT INSTRUCTIONS: HOW TO ESTIMATE TELEPHONE OPERAT-
ING COMPANIES” MARGINAL COSTS OF LONG-DISTANCE SERVICE

4.1 Introduction

There are two major requirements for statistical analysis of telephone company costs. First. key
economic parameters must be developed from the initiai database. Second. a sophisticated
knowledge of econometric techniques must be applied in the analysis of the data’s implications.
This section addresses the first issue, that of data development. It describes the actual procedures
used to prepare key variables for the 1985-1986 study of the BOCs™ aggregated costs.

4.2 The Issuc of Aggregation

Costs depend on the prices of the capital, labor, and materials inputs used Lo provide telephone ser-
vices. as well as upon the levels of characteristics of these services. Because there are many sub-
categories of each input. and hecause it would be unsuitable to include these numerous sub-
categories in a regression equation directly. it is necessary to develop aggregate measures of the
prices and quantities of the three input categories and of output.

The aggregation is accomplished through a Torngvist indexing procedure.?® Through this pracedure
it is possible, for example. 10 aggregate different types of labor into a single Jabor input. and to
aggregate different telephone services into a single output. For a particular input or output. this
index is developed through use of the following equations:

In(X /X)) = L W, In(X;/X,,4)
WLI = (W“ + w"'_|)/1

W, = P, X /(EPXy)
where X;, is the quantity of input (or output) i; P, is the price of i. and X, is the aggregate quan-
ity index.
Once an arbilrary value is assigned to the index for some base period. the values of the index in all
other periods may be determined from the equations.

An important feature of the Torngvist index is that it is exactly consistent with ihe homogeneous
translog cost function used by Christensen Associates in the econometric analysis of Lelephone com-
pany costs. | ike the translog cost function. this index does not require inputs to be perfect substi-
tutes: The index allows for the possibility that companies will decrease use of particular input as

1he relative price of that input increases.

4.3 Basic Data Required

ldeally. data would be collected in forms immediately suitable for aggregation into the variables
required for regression analysis. In general. however. data are collected for other purposes. and
must be manipulated extensively 1o create the precursors of the regression variables.

29, Tutnq\'n;.l { Iab), Diewert (1976) gives s good summary of the properties of the Tornqvist index.

.
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Consequently. the following data series were collected and used to generat i
> € the a te
required for the econometric model: 8 geregate variables

For labor variables:

— total wage earnings
— wage earnings allocated 10 plant construction
— wage earnings allocated to plant removal.

For materials variables:

— total operating expenses

— operating rents

— total depreciation and amortization expense
— GNP price deflator.

For the output variable:

— price indexes. by lype of service
— revenues, by type of service.

For the network variable:

— number of main equivalent telephones in the system.
4.4 Development of Variables
4A.1 Labor Variables

Suatistical analysis of the cost function requires development of two key labor variables: one that
measures real labar input. and another that measures the price of labor. These were developed in
five steps.

In the first step. the quarterly payroll expense for the BOCs and for Long Lines (LL) was calcu-
ll?td as that porlio'n of total wage earnings that is purely an operating expense. This was sccom-
plished by subtracting those costs that are related to capital from total wage carnings:

Quarterly Payroll for BOCs (or LL) = total wage earnings — wage earnings allocated ta
plant construction — wage earnings allocated 10 plant removal.

The foregoing measure of payroll corresponds to that a ing i isti

ppearing in the Bell System Statistical
Manual (1982) (bereaf ter referred to a5 BSSM). page 703, column 1. Wage esrnings used in this
development were obtained from Monthly Report No. 23 (MR23).

Total compenssation is developed by addin i i i i

] g the fringe henefits to the basic payroll expense. To esti-
mate wul‘compensauon for Long Lines and BOCs, it was assumed that the ratio of ::yroll to total
compensation for the two entities is the same as for the entire former Bell System. This ratio can
be derived from data appearing in BSSM on page 704, column 1.

Furthermf:re. total compensation must be distributed over the quarters in each year. This is done
by assuming the ratio of payroll to total compensation holds constant for each quarter in the year.

'With total compensnior? determined. this figure is split between a price index and a quantity
index. First, annual prices and quantities for the former Bell System are constructied. These
parameters then are used to develop quarterly indexes for the BOCs and Long Lines. The former

SR FAD-000552
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Bell System quantity index of labor is the product of total hours worked and a composition index.
the latter reflecting changes in the occupational and experience mix of employees. For the years
1972 10 1979 both are taken from Christensen. Christensen and Schoech (19%1). The composition
index for 1980-1982 was constructed from data on the former Bell Sysiem employment found in
the Bureau of 1.abor Statistics (B1.S) Wage Surveys. Hours worked for 1980-1982 was obtained
from a regression equation linking former Bell System average hours per employee to average hours
worked in the telecommunications industry, as reported by BLS. and from the count of former Bell
System employees. With annual hours worked and composition determined. an annual quantity
index and an annual price index can be determined from former Bell System annual total compen-

sation.
The annual price index of labor is converted to a quarterly price index through interpolation. This
quarterly price index of labor was applied 10 both the BOCs and l.ong Lines. so that quarterly total
compensation could be separated into a price and quantity of labor.

Subsection 4.4.2 contains a detailed description of the development of the labor quantity and price
indexes. The variable names referred Lo in this description are those used in the development of the
cost model described in this study. This information is provided for users who require 3 detailed
knowledge of the actual steps taken to calculate the labor variables and can be omitted with no loss

in continuity.
4.4.2 Detailed Procedures Used to Develop Labor Quantity and Lahor Price Indexes

Use the following steps to develop labor quantity and labor price indexes:

1. Update annual total labor compensation, hours worked. and composition index for the former
Bel! System® [BS). the Bell Operating Companies {BOCs), and Long Lines {LL]. These data
reflect 1972 through 1982. Also develop annual total labor input [1abor quantity}.

Total Labor Compensation [BS] = A4012Y** from BSSM
Hours Worked [BS) ~ A4101Y from Christensen, Christensen, Schoech

Composition Index |BS) =~ A4102Y Trom Christensen. Christensen, Schoech
Total Labor Input [135) = Hours Worked X Composition Index
Total Labor Input [BS] - A4103Y = A4101Y x A4102Y

Total Labor Compensation [BOC] = B4012Y = 134011Y + B4013Y
$4011Y = Payroll = B801Y - BEO2Y - BS03Y
B4013Y = Fringe Benefits = B4014Y + B4015Y
BSO1Y = Wage Earnings through December from MR23
BAO2Y = Wage Farnings through December allocated Plant Construction from MR23
B503Y = Wage Farnings through December allocated Plant Removal from MR23
134014Y = Benefits from FOC Statisties of Common Carriers
B401SY = Other Benefits =~ B4011Y x A4015Y/A4011Y
A4015Y = Other Benefits [BS] = A4013Y - A4014Y
A4011Y = Payroll [BS) from BSSM
A4013Y = Fringe Benefits [BS] = A4012Y - A4011Y

*  BSincludes BOCs and LLs.
*s Variable name designation used in the database. Prefix "A” denotes BS;
denotes annual; "Q” denotes quarterly; "M denotes menthly.

"B denotes BOC; “L” denotes LL. Suffix “Y™
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4-4

A4014Y = Benefits [BS) from FOC S1atistics of Common Carriers

Hours Worked [BOC] = B4101Y = B8§11Y x A4101Y/A811Y
B8I1Y = Employees {rom MR23
A811Y = Employees {BS] from MR23

Composition index [BOC] = B4102Y =~ A4102Y (same as BS)
Tota! Labor Input [BOC] = Hours Worked X Composition Index
Total Labor Input [BOC] = B4103Y = B4101Y x B4102Y

Total Labor Compensation [LL] = L4012Y « 1.4011Y + L4013Y
1.4011Y = Payrolt [LL] = A4011Y - B4011Y
L4013Y = Fringe Benefits [LL] ~ L4014Y + L4015Y
L4014Y = Benefits from FOC Statistics of Common Carriers
L4015Y = Other Fringe Benefits [LL] = A4015Y - B4015Y
Hours Worked (LL] = L4101Y = L811Y X A4101Y/A811Y
L811Y = Employees [LL] = A811Y - B811Y
Composition Index [LL] = L4102Y = A4102Y same as BS
Total Labor Input {1.L.] = L4013Y = L4101Y x L4102Y

Develop Annual Labor Prices for BS. BOC, and LL by dividing the total labor compensation
by total labor input [i.e.. labor quantity).

Labor Price [BS} = A4104Y = A4012Y/A4103Y

Labor Price [BOC] = B4104Y = B4012Y/B4103Y

Labor Price {L.L] = L4104Y = L4012Y/L4103Y

Develop quarterly total labor compensation for BS, BOC, and LL. In general. the quarterly
total Jabor compensation is calculated as:

Quarterly Total Labor Compensation = quarterly payroll X (annual 10tal
labor compensation/annual payroll)

Quarterly Total Labor Compensation [BS] = A4012Q = A4011Q x A4012Y/A4011Y
A4011Q = Payroll [BS] = A801Q - A802Q - A803Q
A801Q = Quarterly Wage Earnings from MR23
A802Q = Quarterly Wage Earnings allocated to Plant Construction MR23
AB803Q = Quarterly Wage Earnings allocated to Plant Removal MR23

Quarterly Total Labor Compensation [BOC] = B4012Q = B4011Q) x B4012Y/B4011Y
B4011Q = Payroll [BOC] - B801Q - B802Q - B303Q
B801Q - Quarterly Wage Earnings MR23
B302Q ~ Quarterly Wage Earnings allocated 1o Plant Construction MR23
B803Q = Quarterly Wage Exrnings allocated to Plant Removal MR23

Quarterly Total Labor Compensation [LL] = L4012Q = L4011Q x L4032Y/L4011Y
L4011Q ~ Payroll {LL] = A4011Q - B4011Q

Develop quarterly labor prices by linear interpolation of the annual pri i

prices developed in Step 2
above for BS. BOC. and LL. Assume that the annual labor prices are midyear (that is. the
labor price on July 1).
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lLinear interpolation of the annual prices to obtain the quarterly prices can be seen from Lhe
following hypothetical example.

Given: 1/1/76 price P76 = 100
7/1/17 price P17 = 120
Find: Quarterly prices P4Q76. P1Q77. P2Q77. P3Q77

Change in price: dP = P77 - P76 = 20

Since the assumption is that interpolation is linear. the quarterly change in price is dPg = 1/4
x dP = 5.

I'heretore:

1"4Q76 = P76 + dPq = 105 [Price as of 10/1/76)

P1Q77 = P76 + 2 x dPq = 110 [Price as of 1/1/77]
12Q77 = P76 + 3 x dPq = 115 [Price as of 4/1/77]
#3Q77 = P76 + 4 X dPq = 120 [Price as of 7/1/77}

Quarterly Price of 1abor [HS]) = A4104Q = Quarterly Interpolation of A4104Y
Quarterty Price of Labor [BOC] - B4104Q - Quarterly Interpolation of B4104Y
Quarterly Price of Labor [1.L] = 1L4104Q = Quarterly Interpolation of 1.4104Y

5. The quarterly labor input (labor quantity) is developed by dividing the quarterly total labor
compensation {from Step 3 above) by the quarterly labor prices (from Step 4 above) for the
8S. BOC, and L.L separately.

Quarterly Total Labor Input [BS] = A4103Q = A4012Q/A4104Q
Quarterly Total Labor Input [BOC] = B4103Q = B4012Q/B4104Q
Quarterly Total Labor input [LL] =~ L4103Q = L4012Q/1.4104Q

6. The labor input variable has been disaggregated into two components for use in the develop-
ment of the cost model. Specifically. a quarterly price of labor (Step 4), and a guarterly
labor quantity (Step 5) were developed.

4.4.3 Materials Varjables

As with labor. analysis of the cost function requires development of two key materials variables:
one thal measures real materials input. and another that measures the price of materials. These

were developed in four steps.

In the first step, the price of materials in each quarter was assumed to be proportional to the GNP
(Gross National Product) price deflator.

In the second step. the total labor and malerials expense was calculated as total operating expense
net of certain capital-related costs:

Total | abor and Materials Expense = Total Operating Expense - Operating Rents — Total
Depreciation and Amortization Expense

NOTE: The daia required in this step are included in Monthly Report No. 5. Total operating
expenses appear on line 50: operating rents appear on line 42, and depreciation and amortization

appear on line 13.

s
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In the third step. the materials expense was calculated as the amount by which the total labor and
materials expense exceeds labor compensation:

Total Materials Expense = Total Labor and Materials Expense ~ Total Compensation.
Finally. real materials input was calculated by dividing the materials expense by the price index:
Real Materials Input = Total Materials Expense / Materials Price.

As \.‘vith the labor variables. detailed descriptions are provided for the materials variables in Sub-
section 4.4.4 below. This information can be omitted with no loss in continuity.
4.4.4 Detailed Procedures Used to Develop Material Quantity and Material Price Indexes
Use the following steps to develop material quantity and material price indexes:

1. Develop the quarterly materials price index. This price index was assumed to be uniform for

the BS and proportional to the GNP deflator.
Price of Materials [BS] = A442Q from Bureau of Economic Analysis (BEA)

2. Devc!op the total labor and material expense on a quarterly basis for BS and BOC. This vari-
able is calculated by subtracting the operating rents and the depreciation and amortization
expenses from the total operating expenses.

Total Labor and Materials Expense [BS] = A440Q from MRS
Tota! Labor and Materials Expense [BOC] = B440Q from MRS

3. The total materials expense on a quarterly basis is developed by subtracting the total quar-
terly labor compensation {A4012Q for BS and B4012Q for BOCs] from Step 2.

Total Materials Expense [BS] = A441Q = A440Q - A4012Q
Total Materials Expense [BOC] = B441Q = 3440Q - B4012Q
Total Materials Expense [LL] = 1.441Q = A441Q - B441Q

4. The real materials input (i.e.. material quantity) is developed by dividing the materials
expense from Step 3 by the material price index from Step 1.

Quantity of Materials [BS] = A445Q = A441Q/A442Q
Quantity of Materials [BOC) = B445Q = B441Q/A442Q
Quantity of Materials [LL] = L445Q = L441Q/A442Q

3. The materials input variable has been disaggregated into two components for use in the
development of the cost model. Specifically. a quarterly materials price index (Step 1), and a
quantity of materials (Step 4) were developed.

4.4.5 Capital Variables

The capital variables were developed following the methodology used by Christensen and Jorgen-
son (1969) for constructing capital accounts. These involved estimating the cost of capital, depreci-
ation, re-evaluation. and 1axstion of several classes of capital goods.

.Some capital items are rented by the former Bell System. The rental payments must be separated
:m.lo.pnce and quantity components to combine owned and rented capital into an index of total cap-
tal input.

PF
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Owned Capital Stocks. The [irst step was to compute perpetual inventory estimates of the stock
of each type of capital used in the former Bell System. In each quarter. the stock of each type of
capital is the sum of stocks remaining from past investments of each vinlage. Under the assump-
tion that efficiency of capital goods declines geometrically. the replacement rate. 8. is a constant.
Capital stock at the end of every quarter can be estimated from investment during the quarter and
capital stock al the end of the previous year:

KA= I+ (1 —8)KA,

where K2 is end of quarter capital stock and I, is the quantity of investment. To estimate these
stocks, a benchmark estimate of capital stock investment in constant prices and a rate of replace-
ment is required. Estimates of capital stocks for each of the 20 capital types are given in Table 4-1.

All investment data is taken [rom the Quarterly Report No. 2A, Analysis of Changes in Telephone
Plant Accounts. This report gives the book value of investments placed in service each year from
1972 10 1982.

The next step was 1o deflate the book value of investment by an appropriate price deflator to esti-
mate real investment. Price indexes for each capital type were taken from Bell System Telephone
Plant Indexes. These yearly price indexes were interpolated to quarterly values.

Since the book value deflator should reflect the price at Which these investments were contracted
rather than the price prevailing when the asset was put in service. the book value of investment
was deflated by the price index lagged by the average interval between the date at which the con-
struction contract price is set and the date the plant is placed in service. Table 4-1 specifies the
length of the lag for each capital type.

The current value of the real investmeni is calculated by using the current quarter price. This
current value differs from the book value of investment by the revaluation which has taken place
between the contract date and the current quarter price. This price index is also used 10 value the
capital stock.

The depreciation tates used are taken from Christensen. Christensen, and Schoech (1981). and are
reported in Table 4-1. The benchmarks used are also based an Christensen, Christensen. and
Schoech data. The 1972 values of former Bell System capital stock reported in their paper are dis-
tributed between the BOCs and long Lines (based on their respective percentages of book value
gross stock reported in Quarterly Report 2A for December. 1972).

Capital Input from Owned Capital. To construct a quantily index of capital input. relative
shares of capital service flows were required. In the absence of taxation. the value of capital ser-
vices for a particular asset is the sum of the cost of capital and depreciation. less revaluation:

Formula 1: pgiK, = [pasey 1o 4 par 8 = (pac = pas-)IKSY

Given the quantily of each type of ascet held. KA. the acquisition price. pa,. and the rate of
replacement, 8. only the cost of capital, r,. is required to compute capital services for each type of

asset. The embedded cost of capital used for capital budget planning in the former Bell System was

used for r,.

4-7
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This formula is appropriate for a single class of assets. For several classes of assets. property com- Table 4-1. Asset Classes for Capital Input

pensation is-the-suro of price Limes quantity of capital secvices for all classes of assets. It is
assumed that the cost of capital is the same for all assets held by the former Bell System.

Lag Between
Formula 1 holds only in the absence of taxation. Christensen and Jorgenson (1969) show that the . Contract and Annual
appropriate formula in the presence of income and property taxes is: Placement of Depreciation
Capital Type Investment Rate
1-uz ~k,+ Y1
Formuls 2: pxK, = = [pas-are + pasd Buildings 4 quarters 0270
. COE: Manual 2 quarters :gg(l)
- ~ Paras KA, + pa a7 LKA, Panel 3 quarters -
(PA,- PaAi 1)) =1 ¥ Pas-1 =) Step-by-Step 2 quarters (‘)2:;
where u, s the effective co L fits tax rat . Crossbar 3 quarters o
N ive corporate profi rate Circuit 2 quarters 0’7‘2;
Z,  is the present value of imputed depreciation allowances on one dollar’s worth of Radio ) 2 quarters .83i0
investment Flectronic 3 quarters .
. 1144
ki is the investment tax credit. different from zero for some years for all capital types Station Apparatus none :;37
except buildings Station Connections none .
i.arge PBX 1 quarter 1400
Y. is kaz in 1962 and 1963 and is set equal to zero for all other years; it is used to . 0657
account for the fact that the investment tax credit was deducted from the value of Pole Lines none i
an asset for depreciation in those years 0463
Aerial Cable none -02,14
7.  is the property tax rate. Underground Cable none .()383
Buried Cable none >()657
The former Bell System effective corporate profits tax rate is estimated as the ratio of income taxes Submarine Cable none .
paid plus the investment tax credit to property compensation less property taxes and the imputed . . 1645
value of depreciation allowances for tax purposes. Aerial Wire none )
Income taxes paid are federal plus state and local income taxes. The BSSM gives federal income Underground Conduit none 0256
taxes, and state and local income taxes, as well as the amount of the investment tax credit.
. : {0822
Imputed depreciation allowances depend on depreciation formulas allowed for tax purposes, the Furniture and Office none
lifetimes of assets used for calculating tax depreciation and the opportunity cost of capital. It was Equipment
assumed that the appropriate opportunity cost for the discounting future depreciation allowances is . 1802
the forward-looking former Bell System cost of capital. Vehicles and Other none -

Work Equipment
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For 1972 t0 1980, Engineering Economy was used 1o specify depreciation formulas. This specifies a
1.5 declining balance formula for structure. while for all other capital it specifies double declining
balance switching to a sum of years digit formula at the optimal point. Lives used are those speci-
fied in Depreciation Guide published by The C ce Clearing House. Beginning in 1981. the
lifetimes and formulas allowed by the ACRS depreciation sysiem were used.

The property tax rate is the ratio of all operating taxes related to capital input to the value of the
total capital stock at the beginning of the period. Operating taxes related to capital input include
property taxes. and the category other taxes. Both are reported in the BSSM.

It was assumed that the real flow of capital services from each type of asset is proportional to the
stock of the asset at the end of the previous period:

Ki = qgiKidy -

The price per unit of capital service can be obtained by dividing the service flow by the lagged
stock and normalizing to unity in the base year.

Capital Input from Rented Capital. Expenditures for rented capital are contained in the Monthly
Report No. 5. The expenditures represent the value of capital services from rented capital goods.
The bulk of these capital goods are structures. It is necessary to separate the expenditures into
price and quantity components. The CPl rent index was used to deflate rental expenditures.

Aggregate Bell System Capital Input. The quantity indexes of capital stock and capital input
were computed as Torngvist indexes of the quantity indexes of owned and rented capital. Dividing
the total value of capital stock and capital services by the quantity indexes yields the price indexes
of capital stock and capital services.

Capital input for each type of capital is proportional to the corresponding stock. However, as a
result of changes in the composition of the aggregate capital stock, aggregate capital input is not
proportional to aggregate capital stock. Therefore, it is incorrect 10 use aggregsie capital stock to
represent aggregate capital input.

A more detailed description of the development of the capital input variables is presented in Sub-
section 4.4.6. This subsection. as with the previous input variable descriptions, can be omitied
without loss in continuity. Subsection 4.4.6 is provided for those who require a detailed. step-by-
step description of how the capital variables were constructed for this model.

4.4.6 Detailed Procedures Used to Develop Price and Quantity Indexes for the Capital
Variable

Objective: To develop price and quantily indexes for total capital input that reflect the value
of owned capital stock as well as the value of rented capital.

Use the following steps:

1. Develop the booked invesiment by class of plant on a quarterly basis for the BS and LL.
There are 26 classes of plant considered. For example. the quarterly Building Booked Invest-
ment (A06Q) is calculated from the change in the year-to-date Building Booked Investment.
(AO6Y) is calculated from the Quarterly 2A Report.

4-10
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Class of Plant Variable Name Remarks
Building A06Qor LOGQ  Prefix A =BS5S 1. =11

COFE: Manual A07Q Same remark for all
COE: Panel A08Q classes of Plant
COE: Siep-hy Step A09Q

COF: Crossbar A10Q

COE: Circuit A11Q

COE: Radio A12Q

COE: Electronic A13Q

COE: Nondedicated Circuit A14Q

COE: DDS Circuit A15Q

COE: Pair Gain System A16Q

COE: Other Circuit Equipment A17Q

COE: Small Value ltems A18Q

COE: Total A19Q

Total Station Apparatus A20Q

Total Station Connections A21Q

Total PBX A22Q

Pole Lines A23Q

Underground Conduit A24Q

Total Aerial Cable A25Q

Total Underground Cable A26Q

Buried Cable A27Q

Submarine Cable A28Q

Total Aerial Wire A29Q

Total Furniture and Office igpt ~ A30Q

Total Vehicles and Other Al31Q

The booked investment for the BOCs was developed by class of plant (quarterly) by subtract-
ing the Long lines hooked investment (1. prefix) identified in Step 1 from the total former
Bell Sysiem (A prefix) booked investment also identified in Step 1.

Example: Huilding Book Investment for Quarter [BOC] = 806Q - A06Q - 106Q

Develop a real investment for each class of plant. This step adjusts the hooked invesln.\enl. to
account for the lag occurring between the contract and the actual placement of the invest-
ment. This intermediate step is required before developing the current value of the invest-
ment at the time of placement. To arrive at a current value of invesiment. first develop the
real investment at contract by dividing the booked investment by the corresponding_ Tele-
phone Price Index (TPI) appropriately lagged to reflect the time required 1o place the invest-
ment in service. The real investment can be thought of as being the quantity of investment
purchased. since it is developed by dividing the total investment cost by a price of investment
(the TPI). Once this real investment, or investment quantity, is calculated. the current dollar
investment at the time the investment was placed in service can be developed by multiplying
the real investment by the TPI in effect aL the time of placement. To clarify this concept.

consider the following example:

Assume an investment, 1=§100, was contracted for on 1/1/75 and placed in service and on the
books on 1/1776. The book value. BV. is therefore $100. The objective is 1o identily the

4-11




SR FAD-000552
Issue |, May 1987

current value of the investment on 1/1/76 since the $100 book value represents the actual
amount paid at time of. contract (1/1/75). Therelore:

BV 100
1 = = o
Resl Investment Rl X775 50 - $125

Assuming TPI[1/1/75] = .80. and

Current Dollar Investment = CI = RI X TPl [1/1/76] - $118.75
asof 1/1/76

Assuming TPI [1/1/76) = 95.

Therefore. the $100 invesiment as of 1/1/75 had a current dollar value of $118.75 when
placed in service on 1/1/76.

Development of Real Investment

1) Develop price index by class of plant on quarterly basis.
Buildings: Price Index [BS] = A115Q = Linear interpolation of A115Y
® See Labor Variable for explanation of Linear interpolation.
® A115Q. A125Q. A135Q...A135Q. A225Q. A235Q...A335Q are the price indexes
by class of plant.
® BS Price Indexes used for BS, BOC, and LL.

b) Develop Real Investment using price index appropriately lagged by class of plant.
Buildings: Real Invesiment [BS] = A111Q = A06Q/A115(Q(-4)

o A111Q. A121Q. A131Q...A181Q. A221Q. A231Q..A331Q are the real invest-
ments by class of plant for BS.
o Similar series for Long Lines ("L" prefix instead of "A").
Develop Quarterly Current Dollar investment by class of plant.
Buildings: Current Dollar Investment = A117Q = A111Q X A115Q
e A117Q. A127Q....A187Q. A227Q....A337Q are current dollar investment by class
of plant for BS.
¢ Similar series for Long Lines ("L" prefix replaces "A").
Next. determine the value of the owned capital stock on a quarterly basis for each class of
plant. This is obiained using the formula:

KA =1 + (1—d)xKA,. Equetion (1)

which was discussed earlier in this section. The value of the capital stock, also called constant
dollar stock, can be interpreted as the cost of purchasing the asseis owned by the company.

6.
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Buildings: Constant Dollar Stock {BS} = E114Q (Use Equation (1) with appropriate values
for 1,. d, and benchmark stock value.)

o L=AIN1Q.
d = depreciation rate on quarterly basis.
benchmark = the net asset value of capital stock as of the fourth
quarter of 1972. This was obtained from a 1981 study
by Christensen Associates and is required as a start-
ing point since Equation (1) relates the stock value in
one period, KA. with the value in the previous
period, KA. The benchmark was discussed earlier
in this section.
o E114Q, E£124Q....E184Q. F224Q...1:334Q i~ the constant dollar stock
by class of service for BS.
o Similarly. replacing prefix “"E” with “F" identifies the constant
dollar stock by class of plant for LL.

Once the constant dollar stock value is develuped. the next step is to develop the current dol-
lar stock value for each quarter by class of plant. This is analogous to developing the current
dollar investments from the real investments described in Steps 3 and 4.

Buildings: Current Dollar Stock [BS] = E112Q = A115Q x E114Q

e E112Q. E122Q....E182Q. E222Q..E332Q is the current dollar stock by class of
plant for BS.

o Similarly, replacing "E” with "F" identifies the current dollar stock for L1. by class
of plant.

The constant dollar stock and the current dollar stock by class of plant is used lo develop a
value of total capital stock disaggregated into price and quantity. The total value of capital
stock is obtained by adding the current dollar stock for each class of plant in each guarter.
The quantity of capital stock is developed by using the Tornqvist indexing procedure. The
price then can be calculated since the total value of capital stock is equal to the product of the
quantity of siock and the price of the stock. The general form of a Torngvist index was
described earlier in the data section and is shown below:

Class
of
Plant
In(XJ/X,y) = L, W& In (X /X00) . Equation (2a)
where
W, = (W, + W, ,)/2.and Equatiun (2b)
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Class
of
Ptant

Wiv= Py X/ T PR X, Equation (2¢)

and

X, = the aggregate quantity index.

Applying equations (2) to the capital stock variable:

X,1 = constant dollar stock by class of plant £114Q...[BS),
and F114Q..[LL)
P, = price index by class of plant A115Q...[BS and LL).

Using Equations (2a), (2b). and (2c). the quantity ratios. X,/X,_,. are calculated for all the
quarters in the study period. As indicated in the description of the Tornqvist index, an arbi-
trary value must be assigned to the index at some base period 1o calculate the quantity index
for the remaining periods. In the case of the capital stock variable. the base period chosen was
the second quarter of 1977. The quantity index. X,. for the second quarter of 1977 is the sum
of the current dollar stock for all classes of plant. Choosing this value makes the price index
equal 1.0 for the base period (1he second quarter of 1977).

Quantity Index of Total Capital Stock = E344Q{BS). or F344QI[LL)

The quarterly value of total capital stock is obtained by summing the quarierly current dol-
lar stock for all claswes of plant.
Total Capital Stock = E342Q{BS] or F342Q{LL}

The corresponding price index is calculated by the following formula:

Price Index of Total Capital Stock = E341Q = E342Q/E344Q
(Replacing "E” with "F" will give the LL formula).

The first seven steps were concerned with developing the value of the capital stock owned by
the company. This value can be thought of as the replacement value of the property owned
by the company. The next step in the process addresses the problem of quantifying the rental
value. or the service flow, of the owned capital. As explained earlier. the formula used to
calculate service flows for a class of plant in the presence of income and Property laxes was
developed by Christensen and Jorgenson (1969) and is given by:

Service flow for
1—uz,—k+
aclassof plant = P, x K, = — -1'___“-'._!1 [Pasey X4 pay xd Equation (3)
1

—par — Par KA + Py X7 X KE,

where
KA, = quantity of each type of asset held
Ps = acquisition price
= rate of replacement
u, = effective corporate profits tax rate
z, = present value of imputed depreciation allowances on one dollar’s

worth of invesiment

k, = investment tax credit, different from zero for some years for
all types of capital except buildings

y: = Ofor all years except 1962, 1963; variable accounts for the fact
that the investment tax credit was deducted from the value of an
asset for depreciation in 1962 and 1963

T, = property iax rate

r, = cost of capital.

To calculate the service flow by class of plant using the Fquation (3), intermediate steps are
required 1o calculate all the necessary variables.
a) The cost of capital {r] was assumed 1o be the same for all assels held by the former liell Sys

tem.
Cost of capital = A528Q from former Bell System historical cost of capital.

b) Present Value of Depreciation [2] was discussed earlier in this paper. From 1972 10 1980. an

accelerated depreciation structure was used as specified in Engineering Fconumy. Beginning in
1981, the lives and formulas allowed by the ACRS depreciation system were used.

Present Value of Depreciation [BS] Z = A541Q = A537Q x A541CQ + (1

Buildings:
A537Q) x A541BQ
A537Q = Variable used to choose correct depreciation formula by
year; 1 = years after 1980, O = prior 10 1981
AS541BQ = Present Value Accelerated Depreciation: Buildings prior to 1981
AS41BQ = [(2+4A528Q)72) x [D/(1+A528Q)M(1-(1-D/T)/(1+A528Q))xT]
D = Accelerated Depreciation Ratio
T = Tax Life: Buildings = A430Q
A528Q = Cost of Capital
AS541CQ = Present Value of ACRS Depreciation: Buildings after 1980
= [(1-D/TY(1+A528Q)P* TSH(D/(D+ AS28QXTI)x(1-(1/14 A528Q)
*TS)X(1-D/T)** TS}
TS =~ Variable represents optimal year to switch {rom declining
balance to straight line depreciation. Value maximizes
present value of 2

Variables for Remaining Classes of Plant:
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Class of Plant

COE:
COE:
COE:
COE:
COE:

COE
COE
Stati
Stati
PBX
Pole

Manual
Panel
Step-by-Step
Crossbar
Cireuit

: Radio

. Electronic
on Apparatus
on Connections

Lines

Acrial Cable
Underground Cable
Buried Cable
Submarine Cable
Aerial Wire

Underground Conduit

Furniture & Office
Vehicles & Other

A542Q
A343Q
AS544Q
A545Q
AS46Q
AS47Q
AS48Q
A549Q
AS50Q
A551Q
AS54Q
AS55Q
AS56Q
AS51Q
A558Q
AS59Q
A560Q
AS61Q
A562Q

Tax Lives by Class of Plant:

Class of Plant

COE

Station Apparatus
Suation Connections

PBX
Pole

Lines

Cable & Wire

Underground Conduit

Furniture & Office
Vehicles & Other

Tax Life

A431Q
A432Q
A433Q
A434Q
A435Q
A436Q
A431Q
A433Q
A439Q

¢) Investment Tax Credit {k)

k = A469Q = A413Y/1(A341Q - A117Q) for the year)

A413Y = Investment Tax Credit [BS] from BSSM
A341Q = Total Current Doliar Investment = sum of Al117Q. A127Q...A337Q
A117Q = Current Dollar Investment: Buildings

PV of Accel. Dep. PV of ACRS Dep.

A542BQ
A543BQ
AS544BQ
AS45BQ
AS546BQ
AS47BQ
AS48BQ
A549BQ
AS50PQ
ASSIBQ
AS54BQ
ASS5BQ
ASS6BQ
ASS7BQ
A558BQ
AS598Q
AS60BQ
AS61BQ
AS562BQ

d) Effective Corporate Profits Tax Rate [u,]

uy = A535Q = A469Q(A528Q(E3420(-1)-E112Q(-1)}+E347BQ-E117BQ-E348
+E118BQ)+ A463y)/(A531Q-A465Y-A593Q) « PEEHTBEE3485Q

A469Q - Investment Tax Credit
AS528Q = Cost of Capital
E342Q(-1) = Value of Total Capital Stock

E112Q(-1) = Current Dollar Stock: Buildings

AS42CQ
AS43CQ
A544CQ
A545CQ
AS46CQ
AS47CQ
AS48CQ
AS49CQ
AS50CQ
ASS1CQ
AS54CQ
AS555CQ
AS56CQ
AS51CQ
AS58CQ
AS59CQ
AS60CQ
AS61CQ
AS62CQ

|
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1:347BQ = Estimated Depreciation = Sum of estimated depreciation by class of
plant E117BQ. £127BQ...E337BQ

For Buildings: E117BQ = EXP(GR115Y)xFE112(Q(-1).0270

GR115Y = Asset Price Growih Rates for Building
GR115Y = [log(A115Y/A1151)V/5

A115Y = TPl Buildings no lag

A1151. = TPl Buildings lagged by 5 periods
{0270 = Annua!l depreciation rate for Buildings

E348BQ = Estimated 1o01al Capital Gains=sum of estimated capital gains by class of
plant E118BQ.E128BQ... E338BQ

For Buildings: E118BQ = [EXP(GRT15Y)-1]E112Q(-1)

A463Y = Income Tax = A411Y+A4IRY

A411Y = Federal Tax from BSSM

A418Y = State Tax from BSSM

A531Q = Capital Input = A526QxE342Q(-1)+ E34TBQ-E3481Q+ A465Y4 A463Y
A465Y = Capital Taxes = A414Y+A416Y

A414Y = Property Taxes from BSSM

A416Y = Other Taxes from BSSM

A593Q = Total depreciation = sum of depreciation by class of plant
A5T1Q.A572Q. ... A592Q

AS71Q = A541Q(AS528QxE112Q(-1)+E117BQ-E118BQ)
A541Q = Present Value of Depreciation [z]

A528Q = Cost of Capital

E112Q(-1) = Current Dollar Stock: Buildings

E117BQ = Estimated Depreciation for Buildings
E118BQ = Estimated Capital Gains for Buildings

For Buildings:

¢) Property Tax Rate (1)

7 = AS00Q = A465Y/(E342Q st end of previous year)

A465Y = Capital Taxes
E342Q = Value of Total Capital Stock [replacement

value)

f) Depreciation rate on a quarterly basis (Step d) by class of plant is tabulated earlier in this

section.
Using the data gathered in Step 8 (above). the Service Flows by class of plant can be calcu-
lated. The algorithm presented next is used 1o calculate the service flows for all classes of
plant with a minor modification for Buildings. In the case of Buildings. the invesiment tax
credit (given by A469Q in the numerator) is set 1o zero.

«
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i A similar analysis is performed to determine the Service Flows for [.ong Lines [1.LL]). The 1.1. vari-

For COE Manual: Service Flows [BS] = A602Q = ((1 - A469Q - AS35Q x A542Q/(1 - A535Q))x ] ;
(A528QxE122Q(-1)+E127BQ-E128BQ)+A502Q ' ables are the same as shown above with "A” replaced by "L." and “E" replaced by “F.
A302Q ~ Property Taxes = A500Q X E122Q (-1, 10. Once the Service Flows have been calculated for the former Bell System [BS] and Long 1.ines

[L.L]. the BOC Service Flows can be calculated by subtracting the LL Service Flow from the

where
A500Q = Property Tax Rate BS Service Flow. Performing this calculation results in a set of BOC variables B601Q.
B3602Q... hich i i i SSes shi bove.
E122Q(-1) = Current Dollar Stock [COE Manual] lagged by one quarter 02Q B622'? which identify the Service Flows by the classes of plan':'c own a l ve N
. 11. The Services Prices by class of plant are calculated from the Service Flows developed above.
- A ; : . .
E128BQ=(P, \—P4 1)K, term in Equation (3)<Estimated Capital Gains The following general formula is used to calculate the service prices:
E127BQ=P,K 2 ,d term in Equation (3)=Estimated Depreciation S - '
h ice Price = Service Flow/Constant Dollar Stock at beginni ter.
ASZ&Q-Cost of Capiu] (r) Fvice rrice ervice ow onstan ar Slol. a glnnlng oI quarler
E122Q(-1)=P, ,. KA, term in Equation (3)~Current Dollar Stock lagged by Recall. from the development of the constant dollar stock. that this variable can be thought of
one quarter. as the quantity of capital stock. The Service Price is a measure o the cost the company
Id incur if i h ed capital:
AS42Q=z term in Equation (3)=Present Value of Depreciation for COE would incur if it were to rent the owned capita
M. For Buildings: Service Price [BS] = A631Q = A601Q/E114Q(-1).
A535Q=u, term in Equation (3)«Income Tax Rate.
Similar equations can be writien for the remaining classes of plant (A632Q. A633Q. ..
The Service Flow and assaciated variables by Class of Plant are given by: A652Q).
12. The quarterly Service Prices, by class of plant. are used logether with the constant dollar
cl £ Pl Estimated  Estimated PV stock values at the beginning of the quarter, KA. to generate a quantity index. k,. of owned
ass of Plant SvcFlow Prop. Tax Cap.Gain Depreciation Depreciation capital input. To do this. use the Torngvist Index procedure discussed earlier in this docu-
oo ment.
Buildings A601Q A501Q E118BQ E117BQ A541BQ
gglé lY:‘hnull A602Q A502Q E128BQ E127BQ A542BQ To evaluate the quantities. k,. from the Tornqvist ratios of K/K,_,. a value is assigned to K,
Pt ane] A603Q A503Q E138BQ E137BQ A543BQ in any period. Once a value of K, is known in the base period. the K, in the remaining quar-
E: Step-by-Step A604Q A504Q E1488Q "E”.’BQ A544BQ ters can be calculated. In our case, K, for the second quarter of 1977 was set equal 10 the sum
COE: C.""“"" A605Q A505Q E158BQ E1578Q A545BQ total of the Service Flows by class of plant for that period. This choice for the quantity index
COE: Cm:_uh A606Q AS06Q E1681Q E167BQ E546BQ forces the corresponding price index to be united in the base period:
COE: Radio A607Q A507Q E178BQ E177BQ A547BQ
(X)E. Electronic A608Q AS08Q E188BQ E187BQ A548BQ Quantity of Owned Capital Input [K,] = A4655Q
Sutfon Apparatus A609Q AS09Q E228BQ E2278BQ A549BQ A655Q = Torngvist Index of::
Sution Connections A610Q A510Q E238BQ E237BQ A550BQ
Large PBX A611Q A511Q E248BQ E247BQ A551BQ [KA,) E114Q(-1) .. E334(-1) with AG31Q. ... A652Q as prices.
Polt.: Lines A614Q A514Q E258BQ E257BQ AS554BQ
Aerial Cable A615Q AS13Q E268BQ E267BQ A335BQ For the base period. second quarter of 1977, set k, equal to sum of Service Flows for each
Underground Cable A616Q  AS16Q  E278BQ E2778Q AS36BQ class of plant, i.e.. sum of A601Q. A602Q ... A611Q, A614Q ... A622Q.
Buried Cable A617Q AS11Q E283BQ E287BQ AS57BQ . s g lant Ser-
Submarine Cable A618Q AS18Q E298BQ E297BQ A558BQ 13, The Price Index of Owned Capital is calculated by dividing the sum of all class of plant Ser
Aecrial Wire A619Q AS519Q E308BQ E307BQ A559BQ vice Flows by the quantity of owned capital input calculated in Step 12:
Underground Conduit A620Q AS20Q E318BQ E317BQ AS60BQ .
Furniture & Office Eqpt. A621Q A521Q E328BQ E327BQ AS561BQ Price of Owned Capital Input « A656Q
Vehicles & Other Eqpt. A622Q AS522Q E338BQ E337BQ A562BQ A656Q = Sum A60IQ ... A611Q, A614Q ... A622Q
- A655Q ’
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14. To develop price and quantity indexes of input. capital consideration must be given (o rented
capital as well as.to owned capital. Therefore..calculate price and quantity indexes for build-
ing rents. These indexes will be used in conjunction with the owned capital indexes to
develop composite capital input price and quantity indexes:

Value of Building Rents = A658Q from MRS Rental Expense
Quantity of Building Rent = A659Q = A658Q/A631Q
where A631Q=Service Price Buildings.

15. The composite or total capital input quantity and price indexes are developed using a
Torngvist Index of owned capital input quantity (A655Q) and rented building quantity
(A659Q) with price of owned capital input (A636Q) and price of rented buildings (A631Q) as
prices. As with the other Tornqvist Indexes, the second quarter of 1977 was chosen as the
base period. and the quantity index was set equal to the sum total of Service Flows by class
of plant (A601Q ... A622Q) and the value of building rents (A658Q):

Quantity of Total Capital Input = A66la
Price of Total Capital Input ~ A660Q - 60]%] 36220 .

16. The BOC Service Prices. Quantity and Price of Owned Input Capital. and Quantity and Price
of Total Input Capital are developed in the same manner as for the BS. A summary of the
variables is presented below:

a) Service by class of plant B631Q ... B652Q: Divide the Service Flows (B601Q ... B622Q)
by the constant dollar stock at the beginning of the period (G114Q(-1) ... G334Q(-1)).
The BOC constant dollar stock was developed by subtracting the LL value from the BS
value (e.g.. for Buildings B601Q = F114Q - F114Q).

b) Quantity of Owned Capital Input = B655Q
¢} Price of Owned Capital Input = B656Q

d) Value of Building Rents = B658Q

e) Quantity of Building Rents = B659Q

f) Price of Building Rents = B631Q

g) Price of Total Capital Input = B660Q

h) Quantity of Total Capital Input = B661Q.

The equivalent Long Lines variables can be identified by replacing “B® with “L* and "G" with “F" in
the items shown above.

4.4.7 The Output Variable

The key output variable is real output. This variable was developed in three steps. In the first
step. monthly real output of each type of service. i. was calculated by the appropriste price
indexes:

Monthly Real Oulpuli = Monthly Revenuesi / Monthly Pricei.
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Monthly revenues for each service are available in Monthly Report No. 4. Price indexes are avail
able from the Bureau of Labor Statistics. Table 4-2 shows the categories of output and the relate

BLS deflator.

In the second step. quarterly price indexes for each service were estimated by dividing guarterly
revenues by quarterly real output. The quarterly revenues and real output figures are derived
from the respective monthly figures.

Finally, the services are aggregated to a single output using Tornqvist indexing procedures.

4.4.8 Detailed Procedures to Develop the OQutput Variable

1. Calculate the real monthly output for each type of service by dividing the monthly revenue:
by the appropriate price indexes.

Monthly Revenues by Service from MR4 Report.

Monthly Revenue®

Service
1 ocation Service-1S ATOIN
Location Service-1A AT02M
MTS-1S AT0IM
MTS-1A ATO4M
WATS-IS AT0SM
WATS-1A ATO6M
Private Ln-IS AT07TM
Private Ln-1A ATOSM
Other Toll-IS ATO9M
Other Toll-1A ATIOM
Miscellaneous ATUIM
Total Revenue before Uncollecied-1S ATi2M
Total Revenue before Uncollected-TA AT13M
Monthly Service Price Indexes from the Bureau of Labor Statistics.
*A = BS. Replace "A” with "L" to obtain Long Lines variables.
Service Price Index
l.ocal Service AT21IM
MTS-IS AT23M
MTS-1A AT24M
WATS-IS AT25M
WATS-IA A726M
PL-IS AT2TM
AT3IIM®

Directory Advertising

*  Used to develop real cutput for miscellaneous services.
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Table 4-2. Output Categories and BLS Price Index References

Category
Local - Intrastate
Interstate
MTS - Intrastate
Interstate
WATS - Intrastate
Interstate
Private Line - Intrastate
Interstate
Other Toll - Intrastate
Interstate

Miscellanecous

BLS Reference

4811-1
4811-1

4811-211
4811-212

4811-214-12
4811-214-11

4811-311
4811-311

4311-2
4811-2

4811-911

SR-FAD (X552
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Monthly Real Output Local Service-1S = A701M/A721M similarly for remaining services.

-2

The quarlefly revenues were developed by service by accumulating the monthly revenues 1o
the quarier. Quarterly Revenues by Service = A701Q. A702Q ... ATIIQ [Replace™A” with "L*

to obtain Long Lines).

The real output (quantities) are developed by quarter accumulating the monthly real output
to the quarter for each service.

Quarterly Quantities by Service = A741Q ... A751Q ["A” replaced by “L" for Long Lines].

Once the quarterly quantities and revenues are calculated, the quarterly price indexes can be
obtained.

Price Index by Service = A721Q ... A731Q

AT21Q .. AT31Q = A701Q ... AT11Q
AT41Q  ATSIQ
[Replace "A” with “L” 10 obtain Lung Lines.}

The aggregate output is calculated using Torngvist Indexing.

Aggregate Output = A770Q

A770Q = Tornqvist Index of service quantities A741Q ... A751Q with Service I'rices AT21Q ...
ATIIQ.

Second quarter of 1977 was selected as the base period. The value of Aggregate Quiput was
set equal 10 total service revenues for thal period. This, together with the relationships rom
the Tornquvist Index, enables us to evaluate the aggregate output for cach quarter.

Total Service Revenues = sum of AT01Q through AT13Q

The Price Index for the Aggregate Oulput is deiermined by dividing the Total Service Reve-
nues for each quarter by the corresponding Aggregate Output.

Price Index of Aggregate Output = A772Q

A701Q+ ... +A71]

[Replace "A™ with "L" 10 obtain Long Lines.]
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7. In a similar fashion. the output quantity and corresponding price was developed for subtotal
categories of services. -Specifically,

Subtotal Category Individual Service Revenues Included

Local Local IS. Local IA. & Misc

Toll MTS-IS. MTS-IA. Other Toll-IS, Other Toll -1A
1S Toll MTS-IS. WATS-IS. PL-IS. Other Toli-IS
Non-IS Toll Local IS. Local IA. MTS-1A, WATS-1A. PL-1A

Other Toll-1A & Misc.

Subtotal Category Quantity Price

Local ATISQ  ATI6Q
Toll AT80Q  A782Q
IS Toll AT85Q  A7836Q
Non-IS Tol} AT90Q  A791Q

8. The BOC output variables are developed by taking the difference of BS variables and LL vari-
ables. The following procedure was used:

a. Calculate quarterly BOC service revenues.
Revenues by Service = B701Q ... B711Q
B701Q ... B711Q = (A701Q - L701Q) ... (A711Q - L711Q)

b. Calculate quarterly BOC service quantities.
Quantity by Service = B741Q ... B751Q
B741Q ... B751Q = (A741Q - L741Q) ... (A751Q - L751Q)

¢. Calculate quarterly price index by service.
Price Indexes by Service = B721Q ... B731Q

B721Q .. B731Q -~ B701Q ... B711Q
B741Q B751Q

d. The aggregate output and price are calculated using the Torngvist Index.

Aggregate Quantity = B770Q
Aggregate Price = B772Q

e. Develop subtotal service category prices and quantities.

Subtotal Category Quantity Price

Local B175Q  B776Q
Toll B780Q  B782Q
IS Toll B785Q  B781Q
Non-IS Toll B190Q  B191Q
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4.49 The Network Variable

The network variable represents the size of the system as distinguished from its level of output
This distinction is necessary because the cost effects of increases in output depend on the extent to
which the output increases are accompanied by network expansion. lor example, an increase in
output that occurs without an addition to network will be less costly than an identical increase
that is accompanied by network expansion. In other words, the extent to which costs increase in
response 10 an increase in output depends upon the extent to which the size of the network is alse
increasing.

The network variable is measured by the number of main equivalent telephones in service in the
system.

4.4.10 Details on the Development of the Network Variable

The number of mains and equivalent mains in service at the end of each quarter are used as a meas
ure of the size of the network used 10 provide service. The MR7 report is the basic source for these
data.

Total Main & Fquivalent Main - In Service End of Year = BY05Y
Total Mains & Fquivalent Mains - Net Gain = BY9OIM

— Quarterly net gains are obtained by adding the appropriate monthly quantitie:
(B90IM).

— Quarterly net gains are added to the year end in service quantity 10 obtain the first
second and third quarter quantities.

4.4.11 The Technology Variable

Annual technology index figures were calculated by 1aking weighted averages of annual formes
Bell System research and development expenditures (R&D) of the current and preceding twenty
two years. [NOTE: Expenditures beyond a fifteen-year lag have virtually no effect on th
results.] Quarierly values were interpolated from the annual figures.

The weights applied to past R&D expenditures were those of a Poisson distribution with a mean k.
of six years. Specifically. the proxy for the level of technology in year t was calculated by:

F(R&DV(CPI),_, - (e~ - 6/S1)

Lle™ - 6Y/SY).
L]

where (R&D/CPI) represents real R&D expenditures as deflated by the consumer price index. Thi
procedure follows that used by H. D. Vinod.*

30. H. D. Vinod, “Bell System Scale Economies and Estimation of Joint Production Functions,” Bell Telephone Lahoratories
Inc., p. 14,
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4.5 Data Sources

The following tables list the specific dats sources that are required for the computations used in
this Special Report. Full citations for each data source marked with an asterisk may be found in
Section 8. References.

Figure 4-1. Labor Quantily and Price

Page
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4.5 Data Sources (continued)

Figure 4-2. Material Quantity and Price

Item

Monthly
Report Years

or

Schedule  Line Col.

Total Labor Compensation
(A4012Y)

Hours Worked (A4101Y)

Compensation Index
(A4102Y & B4102Y)

Wage Earnings or
Quarterly Wage
Earnings (B301Y
A801Q. & B801Q)

Wage Earnings or
Quarterly Wage

Earnings Allocated

to Plant Construction
(B802Y. A802Q. & B802Q)

Wage Earnings or
Quarterly Wage

Earnings Allocated

to Plant Removal

(B303Y, A303Q. & B803Q)

Benefits (B4014Y,
A4014Y, & L4014Y)

Payroll (A4011Y)

Employees (A811Y &
B811Y)

Bell System Statistical Manual®

Christensen. Christensen & Schoech®

Christensen. Christensen & Schoech®

MR23 11a&an 1 51 Ror$S
73-76 3 4 ForD
77-33 D 4 A
MR23 n&n Not Available
73-76 3 7 For D
77-33 D 4 D
MR23 711&72 Not Available
73-76 3 8 ForD
77-83 D 4 E

FOC Statistics of Communication Common Carriers*

Bell System Statistical Manual*

MR23 11&72 1 17 C
73-76 1 1 1
77-83 A 6 A

Page
Monthly or
Item Report Years Schedule  Line Col.
1. Tot. Oper. Expenses MRS 71-75 1 48 A
(A440Q) 76-19 1 49 A
80-83 1 46 A
2. Operating Rents MRS 71-75 1 41 A
(A440Q) 76-19 1 42 A
80-83 1 39 A
3. Total Depreciation and MRS 71-83 1 13 A
Amortization Expense
(A440Q)
4. Towal Earnings MR23 T&mn 1 51 S
(A801Q) 73-76 3 D
77-83 D 1 A
5. Earnings Allocated to MR23 MnN&nN 1 Not Available
Plant Construction (A802Q) 73-76 3 7 D
77-83 D 1 D
6.  FEarnings Allocated to MR23 711&MN 1 Not Available
Plant Removal (A803Q) 73-76 3 8 D
77-83 D 1 E
7. Payroll Bell System Statistical Manual®
(A4011Y)

§.  Total Compensation
(A4012Y)

9.  Price of Materials
(A442Q)

Bell System Statistical Manual®

GNP Deflator*
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